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Abstract
We discuss a holographic soft-wall model that consider several Fock states in nucleon description. In our
approach nucleon structure is a superposition of a three-valence quark state with high Fock states including
an adjustable number of partons (quarks, antiquarks and gluons). With a minimal number of free parameters
(dilaton scale parameter, mixing parameters of partial contributions of Fock states, coupling constants in
the eﬀective Lagrangian) we achieve a reasonable agreement with data.
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1. Introduction
An important goal in hadronic physics is to un-
derstand how hadrons are built up from quarks and
gluons, and how to use this to calculate hadron
properties. This task is diﬃcult, because many im-
portant properties of the strongly interacting parti-
cles, the hadrons, cannot be described using only
perturbative Quantum Chromodynamics (QCD).
In order to bypass the implicit theoretical diﬃcul-
ties associated to work with QCD, starting from the
end of seventies people working in hadron physics
have been used diﬀerent approaches and models to
study hadrons in a theoretical way, and in the last
decade, people have started to use models based
on the gauge / gravity duality, called generically
as holographic QCD or AdS / QCD models (for a
introduction to this topic see for example [1, 2, 3]).
From the beginning, the AdS / CFT correspon-
dence has received considerable attention and over
Email address: alfredo.vega@uv.cl (Alfredo Vega)
time it was expanded into several directions, one of
which being the possibility to address issues related
to Hadron physics. A particular and easy way to
use gauge / gravity ideas applied to QCD is known
as the bottom - up approach, where one tries to
build models that reproduce some features of QCD
in a dual 5 - dimensional curved space (AdS or
asymptotically AdS with a dilaton ﬁeld). These
kind of models has been used in a successful way in
several QCD applications among which are the fol-
lowing incomplete list of example and references:
hadronic spectra [4, 5, 6, 7, 8, 9, 10], form fac-
tors [11, 12, 13, 14, 15, 16, 17, 18, 19, 20], Deep
Inelastic Scattering [21, 22, 23, 24, 25], hadronic
coupling and chiral symmetry breaking [26, 27, 28,
29, 30, 31], quark potentials [32, 33, 34, 35], gen-
eralized parton distributions [36, 37, 38], hadronic
wave functions [39, 18, 40, 41, 42], etc.
In [19, 20] we presented a detailed holographic
soft wall model that considers the inclusion of high
twist dimensional fermion ﬁeld in the AdS side, thus
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high Fock states contributions are incorporated in
holographic nucleon description and we included a
full analysis of the nucleon electromagnetic form
factors and the electroproduction of the N(1440)
Roper resonance. It is important to say the role
of higher Fock stated in the context of holographic
QCD, was considered before in [16] to describe the
pion and calculate electromagnetic and γγ∗π0 tran-
sition form factors, and [19, 20] were the ﬁrst ap-
plications to study nucleons.
The work is organized as follows. Section 2 in-
cludes a summary of the main issues presented pre-
viously in [19], including the most important issues
to calculate electromagnetic proton properties. In
3 we present our conclusions.
2. Model
Here we summarize the most important issues
discussed in [19] to describe electromagnetic prop-
erties of protons. The model considers the propaga-
tion of a ﬁeld with spin 1/2 in ﬁve dimensional AdS
space, which contains the contribution of diﬀerent
twist dimension, that according to AdS / QCD dic-
tionary it corresponds to the inclusion of the three
quarks and higher parton state in the nucleon. Here
we just consider contribution of 3q, 3q + g, 3q + qq¯
and 3q + 2g Fock states, where q, q¯ and g denote
quark, antiquark and gluon respectively.
The AdS metric is speciﬁed by
ds2 = e2A(z)(ημνdx
μdxν − dz2), (1)
where ημν = diag(1,−1,−1,−1) and μ, ν =
0, 1, 2, 3, z is the holographic coordinate, A(z) =
ln(R/z) and R is the AdS radius.
The relevant AdS / QCD action for the exam-
ples considered here contains Dirac ﬁelds duals to
protons, vector massless ﬁelds, dual to photons and
interaction terms between these ﬁelds (for details
to see [19]). Notice that the scaling dimension of
the AdS fermion ﬁeld is holographically identiﬁed
with the scaling dimension of the baryon interpolat-
ing operator τ = N +L, where N is the number of
partons in the baryon and L = max|Lz| is the max-
imal value of the z component of the quark orbital
angular momentum in the light front wave function.
Integration over the holographic coordinate z,
gives a four dimensional action for the fermion ﬁeld
ψn = ψ
L
n (x) + ψ
R
n (x):
S0 =
∑
n
∫
d4xψ¯n(x)[i ∂ −Mn]ψn, (2)
this explicitly demonstrates that eﬀective actions
for conventional hadrons in four dimensions can be
generated from actions for bulk ﬁelds propagating
in ﬁve dimensions. Notice that the constraint
∑
τ
cτ = 1 (3)
for the mixing parameters cτ is essential to get the
correct normalization of the kinetic term of the four
dimensional spinor ﬁeld.
2.1. Mass spectrum
We consider the fermionic part in the action.
Rescaling the fermionic ﬁeld as
Ψi,τ (x, z) = e
φ(z)/2ψi,τ (x, z) (4)
we get the EOM for ψi,τ (x, z)
[
i ∂ + γ5∂z + 2A′(z)γ5
∓ e
A(z)
R
(
m+ ϕ(z)
)]
ψ±,τ (x, z) = 0. (5)
Next we split the fermion ﬁeld into left- and right-
chirality components
ψi,τ (x, z) = ψ
L
i,τ (x, z) + ψ
R
i,τ (x, z), (6)
and perform a KK expansion for the ψ
L/R
i,τ (x, z)
ﬁelds:
ψ
L/R
i,τ =
1√
2
∑
n
ψL/Rn (x)e
−2A(z)fL/Rτ,n (z), (7)
where ψ
L/R
n (x) are the four-dimensional boundary
ﬁelds. After straightforward algebra one can obtain
the decoupled EOMs:
[
−∂2zκ4z2 + 2κ2
(
m∓ 1
2
)
+
m(m± 1)
z2
]
fL/Rτ,n
= M2nτf
L/R
τ,n . (8)
The nucleon mass is identiﬁed with the expres-
sion
Mn =
∑
τ
cτMnτ = 2κ
∑
τ
cτ
√
n+ τ − 1. (9)
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Table 1: Mass and electromagnetic properties of nucleons.
Quantity Our results Data [46]
mp (GeV ) 0.938 0.938
μp (in n.m.) 2.793 2.793
μn (in n.m.) -1.913 -1.913
gA 1.270 1.270
rpE (fm) 0.840 0.8768±0.0069
〈r2E〉n (fm) -0.117 -0.1161±0.0022
rpM (fm) 0.785 0.777±0.013±0.010
rnM (fm) 0.792 0.862
+0.009
−0.008
rA (fm) 0.667 0.67±0.01
2.2. Electromagnetic Form Factors
The nucleon electromagnetic form factors FN1
and FN2 (N = p, n correspond to proton and neu-
tron) are conventionally deﬁned by matrix element
of the electromagnetic current as
〈p′|Jμ(0)|p〉 = u¯(p′)[γμFN1 (t)
+
i
2mN
σμνqνF
N
2 (t)]u(p), (10)
where q = p′ − p is momentum transfer and t = q2;
mN is the nucleon mass; and F
N
1 and F
N
2 are the
Dirac and Pauli form factors, which are normalized
to the electric charge eN and anomalous magnetic
moment kN of the corresponding nucleon: F
N
1 (0) =
eN and F
N
2 (0) = kN .
According to our model, the nucleon form factor
are generated by the action
SVint =
∫
d4xdz
√
ge−φ(z)LVint (11)
and with this we can get Dirac and Pauli form fac-
tors by protons given by
F p1 (Q
2) = C1(Q
2)+gvC2(Q
2)+ηPV C3(Q
2), (12)
F p2 (Q
2) = ηpvC4(Q
2, (13)
where Q2 = −t and Ci(Q2) are given by
C1(Q
2) =
∑
τ
cτ B(a+ 1, τ)
(
τ +
a
2
)
(14)
C2(Q
2) =
a
2
∑
τ
cτ B(a+ 1, τ) (15)
C3(Q
2) = a
∑
τ
cτ B(a+ 1, τ + 1)
Figure 1: Proton Dirac form factor multiplied with Q4. Ex-
perimental data are taken from Ref. [59]
a(τ − 1)− 1
τ
(16)
C4(Q
2) =
2mN
κ
∑
τ
cτ (a+ 1 + τ)
B(a+ 1, τ + 1)
√
τ − 1 (17)
where a = Q2/(4κ2) and
B(m,n) =
Γ(m)Γ(n)
Γ(m+ n)
(18)
is the Beta function.
2.2.1. Low Q2 behaviour
In the limit Q2 → 0, the Ci(Q2) are
C1(Q
2) ∼
∑
τ
cτ = 1, (19)
C2(Q
2) ∼ 0, (20)
C3(Q
2) ∼ 0, (21)
C4(Q
2) ∼
∑
τ
cτ
2 mN
κ
, (22)
therefore
F p1 ∼
∑
τ
cτ = 1 , F
p
2 ∼ ηpv
∑
τ
cτ
2 mN
κ
. (23)
This show that at low Q2 all Fock component are
important.
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2.2.2. High Q2 behaviour
At high Q2 we get [19]
C1(Q
2) =
1
2
∑
τ
cτ
(
4κ2
Q2
)τ−1
Γ(τ), (24)
C2(Q
2) =
1
2
∑
τ
cτ
(
4κ2
Q2
)τ−1
Γ(τ), (25)
C3(Q
2) = −
∑
τ
cτ
(
4κ2
Q2
)τ−1
(τ − 1) Γ(τ), (26)
C4(Q
2) =
2mN
κ
∑
τ
cτ
(
4κ2
Q2
)τ√
τ − 1 Γ(τ+1),(27)
where we can see that the leading twist contributions
to the nucleon form factors scale as
F p1 ∼
1
Q4
, F p2 ∼
1
Q6
. (28)
2.3. Sach Form Factors and Electromagnetic Radii
for Protons
Here we include general expressions to calculate Sach
Form Factors and electromagnetic radii for protons that
we will use later,
GpE(Q
2) = F p1 (Q
2)− Q
2
4m2p
F p2 (Q
2) (29)
GpM (Q
2) = F p1 (Q
2) + F p2 (Q
2) (30)
with GpM (0) = μp and electromagnetic radii are given
by
〈r2E〉p = −6dG
p
E(Q
2)
dQ2
∣∣∣∣∣
Q2=0
(31)
〈r2M 〉p = − 6
GpM (0)
dGpM (Q
2)
dQ2
∣∣∣∣∣
Q2=0
(32)
2.4. Model parameters
In the present work cτ parameters are constrained
by the nucleon mass. Additional parameters involved in
calculations are κ, gv, and η
p
v . The anomalous magnetic
moment for protons in our model is given by
κp = (μp − 1) = 2η
p
vmp
κ
∑
τ
cτ
√
τ − 1, (33)
so we can write ηpv in term of proton magnetic moment
μp, proton mass mp and another model parameters as
ηpv =
κ (μp − 1)
2mp
∑
τ
cτ
√
τ − 1 , (34)
and parameter κ is obtained from the proton mass, so
ηpv and κ can be written in terms of cτ , then the in-
dependent parameters that we need to ﬁx are really cτ
and gv.
Figure 2: Neutron Dirac form factor multiplied with Q4.
Experimental data are taken from Ref. [59]
3. Results and discussion
We presented a soft wall model which allows us to
include higher Fock states in the analysis of the nucleon
structure [19, 20]. In this case, we restrict ourselves to
the contribution of 3, 4 and 5 parton components in the
nucleon Fock states. With a reduce set of parameters,
we achieved a reasonable agreement with data.
Finally, we like to remember that in [19, 20] you
can ﬁnd more detail in calculations and additional
interesting applications of this model, as for example a
study about electroproduction of the N(1440) Roper
resonance AdS / QCD models.
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